Objectives To identify factors affecting the sex ratio at birth.
Introduction
A male/female sex ratio at birth (SRB) of greater than 107 males per 100 females is considered high, 1,2 and will result in, after a few decades, a large excess of men. Consequently, many men will be deprived of marriage and parenting, and thus have adverse effects on the psycho-social well-being of individuals, 3 societal stability, and security. 4 Imbalance in the SRB has been found in many countries, mainly in South and East Asia. 2 In a large population study in China involving 4.7 million persons, the SRB was close to normal for first-order births but was high for second-order births, especially in rural areas, where it reached 1.46. 3 The strong socio-cultural preference for sons in China is the New knowledge added by this study • There was a significant increase in the male/female ratio at birth, in eligible as well as noneligible persons, from a balanced state in [2001] [2002] [2003] [2004] [2005] to an unbalanced state (>107/100) in 2006-2010.
• The sex ratio at birth was balanced in women with multiple pregnancies.
Implications for clinical practice or policy
• Apart from establishing government policy and law, we advocate public education to promote gender equality.
likely underlying reason. The relationship between the SRB and the one-child policy is complex. 3 In Hong Kong, the one-child policy does not apply and the majority of its citizens (who are Chinese) have been exposed to western as well as Chinese education and culture. Hitherto, whether there was any unbalanced SRB in Hong Kong has not been fully investigated.
In a study on 3356 singleton deliveries in a Hong Kong public hospital from 1996 to 1998, the SRB was balanced in women having their first and second babies, but was high in parity-2 women with two daughters. 5 The finding of this small-scale study was confirmed by another study of a larger sample size (194 602 babies) collected in several hospitals from 2003 to 2007. 4 The SRB in Hong Kong Chinese was 106, 107, and 118 for parity 0, parity 1, and parity 2 or above, respectively. 4 It was suggested that the influx of Mainland Chinese women had exaggerated the male/female birth imbalance in Hong Kong. 4 Yet, it is not known whether SRB changes over years The objectives of this study were to determine the relationship between the SRB and eligibility status, maternal age, parity, number of miscarriages/ TOP, and multiple pregnancies.
Methods
This was a retrospective study carried out at Queen Elizabeth Hospital, a tertiary obstetric unit in Hong Kong. The relevant data of all pregnant women who delivered from 2001 to 2010 were retrieved from the Obstetric Clinical Information System, in which the data were entered by midwives and doctors at different time points during the antepartum period and after delivery. The statistics generated from the database was checked regularly. Information on each woman's age, eligibility status, parity, number of miscarriages or TOPs, number of fetuses, and the gender of her babies was collected. Eligible persons (EPs) referred to Hong Kong residents who were eligible to subsidised medical services, while noneligible persons (NEPs) included Mainland Chinese women travelling to Hong Kong to deliver babies. Those with singleton or multiple pregnancies were included. From our database, we could retrieve the total number of TOPs and spontaneous miscarriages, but could not differentiate between them. This study was approved by the Research Ethics Committee of the Kowloon Central Cluster. (Table 1) . This ratio increased after 2003 and became unbalanced (>1.07) from 2006 (Fig) . While the SRB in singleton pregnancies was 109.5/100 (ie >1.07) in multiple pregnancies it was 101.9/100 or nearly 1.
Overall, the SRB was greater than 107/100 in both EPs and NEPs, but was greater in the latter (113.0/100) than in the former (108.3/100) [P=0.039; 
Discussion
We showed a significant increase in the SRB from a balanced state in 2001-2005 to becoming unbalanced (>107/100) in 2006-2010. This was attributed to an increased ratio in both EP and NEP mothers, although it was considerably higher in the latter. Our finding differed from a previous study suggesting that the increase in the SRB was solely attributed to NEPs. 4 Traditionally, the Chinese have a strong preference for sons, [6] [7] [8] [9] [10] because in olden days they were a source of manual power especially in rural areas. Sons are 4 This was despite there being no one-child policy as operated in Mainland China, and the fact that the majority of the local Chinese citizens having been exposed to western as well as Chinese education and culture. The total fertility rate fell steadily in Hong Kong during the past 20 years from the replacement level (ie two children per woman) to a level below one, 11, 12 and this declining fertility rate was associated with an increase in the SRB. 13 This may explain the increasing ratio in EPs. However, improved economic conditions can lead to a decrease in the country's SRB, as there is a lower demand for manual power, and developed countries have greater acceptance of equal social and economic rights for males and females. 10 This may also explain our finding of a lower SRB in EPs than in NEPs.
According to the data from Census and Statistics Department in Hong Kong (Table 3) , which included deliveries in all public and private hospitals, 14 the SRB became unbalanced from 2001 which was just when our present study began. We postulate that this might be related to difference in the characteristics of women using public as opposed to private hospitals, as a greater proportion of NEPs delivered in private hospitals. Under the one-child policy, some NEPs chose to delivery in Hong Kong after their first pregnancy. They could also be regarded as more willing to spend money on the pregnancy and deliver in private hospitals, if they knew they carried a male fetus. On the other hand, richer NEPs tend to deliver in private hospitals, no matter the gender of the fetus they were carrying. According to Knight et al, 15 richer households are more likely to have sons. Probably the SRB was therefore more unbalanced and became so earlier in private hospitals. Only a study in private hospitals can help to clarify this proposition.
Consistent with previous studies, 5 NEP status and parity of ≥2 were associated with a high SRB. Wong and Ho 5 showed that women who had two children of the same gender were more likely to have further pregnancies. They further analysed the relationship of sex compositions in previous pregnancies versus the index pregnancy, and concluded that women with two daughters were more likely to have male newborns.
In our study, the SRB was balanced for multiple pregnancies. Although the present study was limited by a lack of information on the proportion of multiple pregnancies after assisted reproduction, this was a reassuring finding, as applicable sex selection technology probably had not been used locally in assisted reproduction. In Hong Kong, The Council on Human Reproductive Technology is a statutory body established under Section 4 of the Human In our study, there was an increase in the SRB to an unbalanced level (>107/100) in EPs. Although there was an increase in this ratio after having one miscarriage/TOP, this was not confirmed in the logistic multivariate regression. Sex-selective abortion is illegal in Hong Kong and many other countries. Nowadays, fetal sex can be determined non-invasively by two-dimensional 17 and threedimensional 18 ultrasonography, and assay of cellfree fetal DNA in maternal plasma (using real-time polymerase chain reaction) after 13, 11, and 7 weeks of gestation, respectively. 19 Alternatively, karyotyping can be carried out following an invasive procedure (amniocentesis or chorionic villus sampling). However, these medical technologies should not be misused to facilitate sex-selective activities.
The consequences of high SRB should not be overlooked. Many commentators predict that it will lead to increased levels of antisocial behaviour and violence. 6 More men will remain single. This has been a consistent observation across cultures. Notably, an overwhelming percentage of violent crime is perpetrated by young, unmarried, and lowstatus males. Thus, an imbalance in SRB ultimately presents a threat to the long-term stability and sustainable development of Chinese society. Apart from government policy and law, public education to promote gender equality can help counter this trend. Education can be provided by family members, schools, and governments. 20 Peoples' attitudes towards this issue are also very important. Monitoring such trends is therefore warranted.
A major limitation of the present study was that the data from only one hospital, and not the whole population, were analysed. However, according to unpublished data from the Department of Health, from June to September 2012 the SRB in our hospital was 107/100, which was comparable to that in all public hospitals (108/100). Second, there was no separate analysis regarding the number of previous TOPs and miscarriages, as corresponding data for each of these conditions logged separately were not available in our database. Grouping of data for number of miscarriages and number of TOPs may mask the effect of selective abortion, if any. Third, for better understanding of the relationship between parity and sex ratio, for multiparous mothers we should have retrieved the gender of previous children.
Conclusion
Compared with 2001-2005, there was a significant increase in SRB resulting in an unbalanced level in 2006-2010. This ratio was unbalanced in both EP and NEP subjects, but to a greater extent and occurring after having only one child in the latter. Notably, the ratio was not affected by maternal age, the number of miscarriages/TOPs, and number of fetuses.
